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SUMMARY

An altitude-wind-tunnel Investigation has been made to determine
the performance of & Curtiss 732-1C2-0 four-blede propeller on a
YP-47M airplane at high blade loadings and englne powers. Propeller
characteristics were obtained for a range of power coefficients from
0.30 to 1.00 at free-strsam Mach numbers of 0.40 and 0.50. The
results of the force measurements indjcate primsrily the trend of
propeller efficiency for changes in power coefficient or advance-
dilemster ratio because correctiors for the effects of tunnel-wall
constriction have not been epplled. Sliﬁstream surveys are presented
to 1llustrate the blede thrust loed distribution for certaln operating
conditions.

At a free-stream Mach number of (.40 the highest efficilencies
were obtained at a paower coefficient of 0.30 in the low range of
advence~dismster ratlos and at a power coefficient of 0.90 in the
high renge of advence-dianster- retlos. The envelope of efficiency
curves for power coefficients from 0.30 to 0.90 decrsased about 8 per-
cent betwesn advance-d1ame+er -ratios of 2.10 and 4,00. The thrust
loading increased more rapidly on the oubtboard blade sections than on
tHe inboard sections as the power coefficient was Increased or as the
‘advanceldiameter .ratio was decreased. Within the range of power coef-
ficients and advence-diameter ratlos investigated at a free-stream
Mach number of 0.40, there was no evidence of blade stall or compress=-
1bility effacta. At & free-stream.Mach number of ¢.50 maximmm effi-
ciencies were obtained a# power coefficients from 0.50 to 0.70 at
advance-diemeter ratios between 2.10 and 2.50. The envelope of effi-
clency curves for power coefficients from 0.50 to 1.00 decreassd by
about 17 psrcent between advance-dismeter ratios of 2.10 and 4.00.
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INTRODUCTION

An investigation of the performence of several propellers on the
YP-47M alrplane at high blade loadings has been conducted in the
Cleveland altitude wind tunnel at the regueet of the Alr Materiel
Cormand, Army Alr Forces. As part of the program, a study was made
of & Curtiss 732-1C2-0 four-blade propeller, The résults of the
investigation and a brief discussion of the characteristice of this
propeller ere presented. n

The characteristics of the propeller were obtained for a range
of power coefficients fram 0.30 to 1.00 at free~stream Mach numbers
of 0.40 and 0.50. The investigation was counducted at density altitudes
from 20,000 to 45,000 feet for englne powers from 150 to 2500 brake
horsepower at engine spesds from 1100 to 2900 rmm.

The propeller efficiencies were determined fram force measurements
and the blade thruet distributions were obtained from total-pressure
gurveys in the propeller sl;pet:eam.(referance i).

PROPELLER AND POWER PLANT

A general descriptlon of the propeller and power plant 1s as
follows: '

Propeller :
Blede design . . .

. Curtiss 732-1C2-0
Nurber of blades . .

e o &« +« s s o« « foOur
« « « NACA 16 series
« « 13 feet, O inch
- r— _'__T_.._ .._..._ ... . ‘. 150
-.-............20:9
. R-2800-~73

Blade sections . .
Propeller diameter

Activity factort . & . . .
Propeller gear ratlo . . . .
Engine « « o« o o ¢ 5 o o o o «
War emergency rating:
Engine speed, DM « « ¢ « o o o« + o o » o« o« s o« « o « » 2800
Menifold pressure, In. Hg . . . « ¢« &« v i ¢« ¢ ¢ o 5 « &« « 12.0
Brake hOYBOPOWOY « ¢ o o o o s o » o s s o o o o o ¢ « & « 2800
Military power rating: o T
BEngine speed, TP  « o« ¢ « s o o v s o o s e« s & » o « » 2800
Manifold pressure, in. HZ .« « « ¢« « ¢« ¢ ¢« ¢ v ¢ ¢« ¢ « . . 53.5
Brake HOYBODOWEOY « « « « o o « o o » o o o o o s «7s o « « 2100
Normal power rating:
Engine speed, YOM « ¢ &+ « ¢ ¢« ¢ ¢« ¢ s ¢ o « o o« s » o« « o 2600
Manifold pressure, In. HZ « ¢« ¢« o o ¢ ¢+ s« =« ¢ o o » « « 41.5
Brake HOTSOPOWET & < o s v o s+ o & o s o » v o « '« s » « « 1700

lyme activity factor 1s a nondimensicnal function of the propeller
plan form designed to expreas the integrated capecity of the
propeller blade elemente for absorbing power {reference 1).
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The propsller blade-form characterlstics are given in figure 1.
The Curtiss 732-102-0 propelier biade is shovn in figure 2.

APPARATUS ARD FROCEDURE

The assembled propsller as installed on the YP-47M airplene in
the 20-foot-diemeter test section of the altitude wind tunnel 1s
shown in figure 3. Details of the egquipment are given in reference l.

The propeller characteriatics were obtalned for a range of power
coefficients from 0.30 to 1.00 at free-stream Mach numbers of 0.40
and. 0.50. The investigatlon was conducted at density sltltudes from
20,000 to 45,000 feet for emnglne powers from 150 to 2500 brake horse-
power at engine speeds from 1100 to 2900 rpm. :

REDUCTION OF DATA .

The method of data reduction was the same as that described in
reference 1. The force measursments were analyzed in terms of the.
variation of the propeller efficienéy n with the propeller power
coefficient Cp and the advance-diameter ratia J. These gquantities

were computed from the following equations:

__P
B pn3D5
wherse
D propeller diameter,' fest
n propeller rotaktionasl speed, revolutions per second
P engine power, foolt-pounds per gecond

o) free-gtream density, slugs per cublec foot

d = =

nD

where V 1s the free-étream volocity in feet per second.

Cpd
1 =5P‘“
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The propeller thrust coefficilents CT in the effliciency formula was
defined as

T

Cp = —2
pnZpt

where T 1ig the propeller thrust in pounds.

Propeller tip Mech number Mt was obtained from the egquation

My = Mgafl +(§)2

where My, 1s the fres-gtream Mach number.

The slipstream surveys were presented as plots of the total-
pressure differential Hy - H, againet the square of the radlus

2
ratio (rs/R) where
H, free-stream total pressure, pounds pesr square foot
total pressure at survey point, pounds per square foot
R propeller radius to tip, Inches

rg radlal dlstance from thrust axis to survey point, inches

RESULTS AND DISCUSSION

The propeller cheracteristics for varlous blade loading condl-
tions are separately presented for free-stream Mach numbers of 0.40
and 0.50 because it was impogsible to compare the data obtained ab
different free-streem Mach numbers owing to the variation of tunnel-
wall constrictlon effects wlth alirspeed. As Iin references 1l to 3,
the resulte of the force meassurements are of value primarily in
showing the trend of propeller efficiency for changes in power coef -
ficient or advance-diameter ratio. The absolute efficlency values
are questionable inesmich as sn average drag coefficient for the
installation was used for all of the propellers investigated and
because no correctlons have been applied for the effects of tunnel-
wall conmstriction. Slipstream surveys are presented to illustrate
blade thruet load distribution for eeveral operating conditioms.
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Free-stroam Mach number, 0.40. - The propeller characteristics
at a free-gtream Mach number of 0.40 are presented in figure 4 for
a range of power coefficlients from 0.30 to 1.00. The variation of
propeller efficiency with power coefficient is shown in figure 5
for approximately conetant values of advance-diasmeter ratio.

The highest efficiency in the low range of advance-dilamster
ratios was obtalned at a power coefficient of 0.30 and in the high
range of ajdvance-dilameter ratlos at a power coefficlent of 0.90. The
envelope of the efficlency curves for power coefficlents from 0.30
to 0.90 decreaged about 8 percent between a.d.va.nce-diame‘ber ratios of
2.10 and 4.00. (See fig. 4.)

The effect of power ccefficient on. blade thrust load distributlon
is shown by the glipstream surveys in figure 6, which corregpond to
the conditions of figure 5 for J & 2,10. The blade thrust load dis-
tributions for power coefficilents from 0.31 to 0.81 were uniform and
similar. The magnitudes of the blade thrust losdings in figures 6(a)
end 6(b) cannot be compared with those in figures s(c) to 6(3) because
the density altitudes were different.

The difference between the right and left surveys apparent in
figure 6, as well as in all subssguent sllpstream surveys, was due to
a slight misalinement of the approsching alr stream and the propeller
thrust axis. (See reference 4.)

Blade thrust load dlstribution curves corresponding to the condi-~
tions of figure 5 for J ®2.80 are shown in figure 7 for power
coefficients between 0.30 and 1.05. The blade thiust load distridu-
tion remeined uniform and the blade thrust loading increased as.the
powsr coefficlent was increased fram 0.30 to 0.90. The indicated
reduction in thrust loading for a change in power coefficient from
0.90 to 1.05 resulted from the higher altitude and lower engine power
at which the power coefficilent .of 1.05 was obtalned. .

The effect of advance-dlsmeter. ratio on blode thrust load distri-~
bution is shown by the surveys in figure 8, which correspond to the
conditions of figure 4 for a powsr coefficient of approximstely 0.30.
The thrust loading at J = 2.96 was uniform over the blade span. A
reduction in advence-dlameter ratio from 2.96 to 1.68 Increased the
over-all blade thrust loading whille the thrust loading on the oub-
board sections increased more rapidly than on the inboard gections.
(Ses fig. 8.) The thrust loading increased more rapidly on the out-
board blade sectlons than on the inboard blade sections as the power
coefficient was Increased or as.thée advance-diameter ratio was
decreased. Within the vange of power coefficients and advance-diameter
ratios investigated at a free-stream Mach number of 0. 40, “there was
no evidence of blade stall or campressibility effects.
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Free-gtream Mach number, 0.50, ~ The propeller characteristics
at a fres-stream Mach number of 0.50 are presented 1n figure 9 for a
renge of power coofficients from 0.30 to 1.00., The variation of
propeller efficiency with power coefficlent 1s shown in figure 10 for
approximately constent values of advance-diemeter ratio.

Nearly constant meximm efficiencles were obtained for power
coefficienta from 0.50 to 0.70 st advance-dlamster ratios between 2.10
and 2.50. The envelcope of the efficiency cuxrves for power coefficlents
from C.50 to 1.00 decreased about 17 percent between advence-diameter
ratios of 2.10 and 4.00. (See fig. 8.) Within the range of power
coefficients and advance-diasmeter ratlos of the lnvestligation, a change
in blade loading at the high advance-diameter ratios affected the
propeller efficlency to a greater extent than at the low advance-
diameter ratios (fig. 10). '

Blade thrust load dlstribution curves are not preasnted for a
free-stream Mach number of 0,50 Inasmich as the slipstream surveys
obtained were umsatlafactory.

SUMMARY OF RESULTS

The results of the force messurements are of value only in show-
ing the trend of propeller efficilency with changes in power coefficlent
or advance-diameter ratios inasmuch as no corrections for the effects
of tunnel-wall constrlction on the installation were applied. The
investigation in the altitude wind tunnel of a Curtiss 732-1C2-0 four-
blade propeller on a YP-47M airplane indicated that:

1. At a free-stream Mach number of 0.40, the highest efflcisncy
in the low range of advance-dismeter ratlos was obtained et a power
coefficient of 0.30 amd in the high range of advance-diameter ratios
at a power cosfficlent of. 0.20. The envelope of efficlency curves
for power coefficients from 0.30 to 0.90 decreased sbout 8 percent
between advence-diameter ratios of 2.10 end 4.00.

2. Within the range of power coefficlients and advence-dlameter
ratios investlgated at & free-stream Mach mumber of 0.40, there wasm
no evidence of blsde stall or campressibillity effecta. The blads
thrust loading Increamed more rapidly oan the cubboard blade sections
than on the inboard sectlons as the power coefficlent was Increased
or as the sdvance-dlemeter ratio was decreased.

I
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3. At a free-stream Mach number of 0.50, maximum effliciencles
wore obtained at power coefficients from 0.50 to 0.70 at advance-
dismetser ratios between 2.10 and 2.50. The envelopes of efficiency
curves for power coefficients from 0.50 to 1.00 decreased by about
17 percent between advance-dlaumster ratios of 2.10 and 4.00.
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Plgure 4.- Characteristics of Curtiss 732-1(2-0 four-blade propeller on YP 47TH
airplane at free-stream Maoch number M, of approximately 0.40.
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FPigure 6.- Effect of power coefficlent Cp on blade thrust
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mately 2.10 and free-stream Mach number Mo, of approxi-
mately 0.40. Curtiss 732-1C2-0 four-blade propeller.
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Figure 7.- Concluded. Effect of power coeffliclent Cp' on
blade thrust load distribution at advance-diameter ratio J
of approximately 2.80 and free-stream Mach number Mg of
approximately 0.40. Curtiss 732-1C2-0 four-blade propeller.
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Propeller efficiency, n, percent
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Figure 10.- Effect of power coeffielent Cp on efflclency n of Curtlss 732-1C2-0
four-blade propeller at free-stream Mach number M, of approximately 0.50.
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